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ABSTRACT 
 
We investigate the existence of causal relationships between energy consumption and education 
(enrollment in primary secondary and higher education) for a sample of 16 African countries over the 
period 1971-2010 (according to availability of countries' data). We use the panel-data approach of 
Kónya (2006), which is based on SUR systems and Wald tests with country specific bootstrap critical 
values. Our results show that education and energy use are strongly linked in Africa. There is 
bidirectional causality between primary, secondary and higher education and energy use for several 
countries. Moreover, electricity consumption plays a crucial role in the energy-education links in 
Africa.  
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1. Introduction  
 Education is fundamental for Africa’s future development. As Africa is projected to 
double its population by 2050 (UN-Habitat 2014, Bloom et al. 2014b), its education sector 
faces major quantitative and qualitative challenges in primary, secondary and higher 
education. Most African countries need huge investments and capacity building in order to 
improve their education systems. Current African education trends show that these countries 
perform badly in all education sectors (Soucat and Ncube, 2014; AfDB, 2014). 
African Countries are targeting Education for All and universal primary education is 
supposed to be reached by 2015 as one key Millennium Development goals (MDGs). But as 
2015 is approaching there is no doubt that most African countries will not reach such target 
(Unesco, 2012). Structural limitations and lack of means does not allow reaching such target. 
Although access to primary school has risen to nearly 100%, the rate of retention to the end of 
the primary cycle is much lower. Primary school dropout rates are high. In 42 African 
countries about 24.2 million primary-school-age children—53% of them female—were not in 
school in 2010 (Bongjoh et al. 2014).  
For secondary education, upper secondary schools GERs vary from less than 10% 
(Burkina Faso, Central African Republic and Niger) to more than 90% (Mauritius, Seychelles 
and South Africa). Higher education GERs vary from less than 2% (Eritrea, Malawi and 
Niger) to more than 30% (Algeria, Egypt and Tunisia). African countries involved in 
international tests like the PISA (Tunisia and Mauritius) were ranked among the 10% worst 
scores (OCDE, 2011). Test in Reading and Mathematical show strong deficiencies of the 
education system in basic skills (Hungi and Thuku, 2010). 
 The Tertiary education system is far behind the ones in other regions in the world. 
Only 4 African universities belong to the Top 500 ANRW ranking of Jao Tang University of 
Shanghai, and no African university is ranked in the top 300. The best ranked universities in 
South Africa. Moreover, while enrolments in Africa grew from less than 200,000 in 1970 to 
an estimated 10 million today (Hayward and Ncayiyana, 2014),  most of African universities 
are lacking teachers, means and basic commodities in order to challenge these new students’ 
cohorts (Bloom et al. 2014a).  
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Taken together, these bad performances urge decision makers to change deeply their 
education model1.  International Development Agencies are currently focusing with African 
countries on reforming education systems and building human capital as the keys for the 
takeoff of the continent in the next decades (Soucat and Ncube, 2014, Oxford Analytica, 
2013).  
We think it is important to notice that bad performances of the African education 
system occur in a context of shortage and inefficient provision of energy. In fact, less than 
three in every ten people living in Sub-Saharan Africa (SSA) have access to electricity, 
compared to more than half in South Asia and 90 per cent in East Asia (Rault et al. 2014; 
Eberhard, 2013). The combined power generation capacity of the 48 countries of SSA 
(excluding South Africa) is about 80 gigawatts (GW); a single country, Spain, has more 
(Eberhard, 2013; CBC, 2013). 
Many theoretical channels may explain potential links between energy and education 
in Africa. For instance, access and use of energy, especially electricity, have evident impacts 
on education performance. Access to electricity impacts also attendance to school (especially 
for girls). Electrification make easier for girls to do their homework in the evening. Access to 
electricity impacts the cooking activity and wood collection for cooking. This can also easier 
for their mothers to help them. The inability of several countries in Africa to reach Universal 
primary education may be linked to the lack or absence of electricity, especially in rural areas. 
At the same time, poor education quality and outcomes especially in secondary and higher 
education may explain and be explained by the difficult energy provision situation. How can 
African universities or technical and professional education perform well in a context of 
shortage of electricity and energy and how can Africa resolve the situation without good 
universities and experts?  
Empirically, there is growing evidence around the fact that energy use (especially 
electricity access and use) has an impact on education worldwide. In the context of 
developing countries, most of the literature shows a positive link between education outcomes 
and access to energy. Saqib (1995), reports that the electrification of neighborhoods increases 
the willingness of households to pay for education in Pakistan. The Netherlands Energy 
Research Foundation (ECN) found that access to electricity increases time spent on reading 
1 The African Development Bank (AfDB, 2014), for example, urges decision makers to move to a new education 
model (NEMA). According to this model, Africa needs to make six complementary changes: investing and using 
ICT in Education, Promoting of critical thinking, Promoting Public-Private Partnerships, More participatory 
education with all the stakeholders, Accountability, linking the education system to the job market and  
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and writing in Nepal (Nieuwenhout et al. 1999). In the case of rural Philippines, Barnes et al. 
(2002) show that children in households with electricity stayed at school for an average of two 
more years than those in households without electricity. Valer et al. (2014) show that 
Amazonia (Puna) access to electricity improved education outcomes through prolonged hours 
of school and access to Internet.  
As far as Africa is concerned, results from available research are heterogeneous and do 
not allow for clear conclusions. Indeed, while some works show a positive effect of energy on 
education in Africa, others report negative links. For instance, the Netherlands Energy 
Research Foundation (ECN) found that access to electricity decreased time spent on studies in 
Tunisia in favor of time spent on watching TV (Nieuwenhout et al. 1999). However, the 
authors recognize that television permits to improve the general knowledge of the situation in 
the country, and foreign language skills. In the case of Namibia, James et al. (1999) and 
Wamukonya and Davis (1999) show that electricity brings an important improvement of lives 
and allows for spending more time studying. However, teachers consider that these 
improvements are not linked directly to school results. In the case of Zambia, Gustavsson 
(2006) shows that children in a household with access to solar energy spend more time doing 
their homework as compared to neighbors’ children, who do not have access to this energy. In 
Madagascar, Daka and Ballet (2011) show that electrification enables children to do their 
homework in the evening and to keep up with their school’s work2.  
 
The objective of this paper is to extend this ongoing literature3 by bringing fresh 
analytical and empirical evidence on the links between energy and electricity and education in 
Africa. More precisely, we contribute to the energy-education debate in Africa by proposing 
four innovations. First, most of this literature focus on primary education or does not refer to 
the level of schooling. While these effects are well discussed in primary education; they are 
less discussed in secondary and higher education. It seems difficult to imagine a higher 
education system without electricity and energy. Teaching chemicals, natural science, 
medicine, pharmaceuticals need experiments. These experiments will not be conducted 
without energy. Only social sciences and some disciplines like mathematical do not need 
experimentation. At the same time, it is difficult to imagine higher education without access 
to ICT. Lack or absence of energy may impact deeply the quality of education (especially 
secondary and tertiary).    
2 Recently, Ouedraogo 2013 has tried to link energy consumption to human capital formation.  
3 Chen et al. 2013, Dias et al. 2004 and 2006 
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Second, the existing literature has mostly focused on case studies (a population of a 
village or a case study in a given country) and little is known about the validity of this 
relationship at a macro-economic level for a panel of countries. We look at the evidence of 
this relation for the last 20 years in 16 African countries. 
Third, most of this literature restrict the causality to electricity consumption and do not 
take into account the total energy use. Energy use permits to take into account all the other 
energy uses that may impact secondary and tertiary education. For instance, energy use 
permits to take into account the energy dedicated to transportation of students to secondary 
and higher education. It also takes into account the productive uses of energy and by this the 
link between secondary and higher education and private sector in matters of trainings and job 
creation.  
Finally, our econometric approach contains a novelty since we employ the panel 
Granger causality testing approach of Konya (2006) that is based on SUR systems and Wald 
tests with country specific bootstrap critical values. Specifically, this approach allows to 
testing for Granger-causality between energy consumption and education on each individual 
panel member separately in a panel framework by taking into account the possible 
contemporaneous correlation across African countries. 
 
The remainder of the paper is structured as follows.  Section 2 presents the conceptual 
framework. Section 3 exposes our methodology and characterizes our data. Section 4 reports 
and discusses the results. Section 5 summarizes the mains findings and discusses the policy 
implications of our work. 
2. Energy and education:  a conceptual framework 
We identify at least six main channels through which energy use may impact 
education outcomes. We divide them into three categories. The first one is related to the 
change in the school environment. The second one reflects the home conditions to prepare 
homework. The third one reflects change in the health of students, which impacts their 
education outcomes. 
2.1. Improvements of working and learning conditions at schools 
Energy access improves working and learning conditions in schools and other training 
facilities. Electricity provision (part of energy use) can improve the school attendance by 
teachers and students. One of the main problems in African education is the absenteeism of 
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teachers. It is reported that in some countries this can reach a pick of 70%. Providing 
electricity in schools can increase the teachers’ and students’ attendance.  
Energy can also improve the quality of schools and build connections to surrounding 
communities. Schools can access Internet and ICT allowing wide use of learning materials 
available for free. In all parts of Africa, the connectivity is improved, thanks to the mobile 
phone coverage. Using the capacity of these leapfrogging technologies to increase access and 
quality of Africa education is highly recommended. 
The increase of energy use and electricity consumption in Africa can change the 
conditions of the learning experience and help to address its problems in terms of quantity and 
quality education. 
 
2.2. Improvement of home conditions of education 
Access to electricity and to energy improves the conditions of working at home. First, 
children can extend their homework by night and will be more able to follow classroom 
interactions. Second, some of the time dedicated to homework made by children as collecting 
woods for cooking will be substituted by learning and education activities time. This is 
particularly true for girls. As energy and electricity provision increases the parents (especially 
the mothers) will also be more involved in helping their kids for their homework.  
Access to energy increases the available time of children for education. At the same 
time, access to energy can shorten the transport time. It is always reported that children are 
walking several kilometers before reaching their schools. By doing so they spent a lot of time 
in transport. As energy use increases it reflects also an increase availability of transportation 
and lowering time of transport. 
Another important impact of availability of energy is access to ICT. Accessing to 
computer and to Internet is helping African students to access to worldwide knowledge for 
free. This may improves their outcomes if the needed skills are acquired. This is also the case 
for television watching. It may improve the general cultural skills as well as language skills as 
reported by some studies. Some externalities are also reported when neighbors access to 
energy. The education outcomes are improved by the neighbors’ children. 
In sum, increasing access to electricity improves the time spent on education, the 
condition under which the learning is done and the availability of the family for help. Other 
divides like TV and ICT can foster the learning process. 
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2.3. Improvement of general conditions of learning 
 Increasing access to energy improves health conditions of children (WHO, 2006). 
Access to energy allows access to refrigeration and to medicines. For example, it is always 
reported that lack of energy implies that most of vaccines are "out-of-date". Absenteeism is 
lowered when health conditions are improved. More than that, the cooking conditions are 
improved allowing better nutrition and better health for children allowing them to focus on 
education. Access to energy helped several governments to set special programs of giving 
food for the students in order to increase their attendance to schools and to lower the 
absenteeism. 
As energy becomes more available, access to classrooms and training usually picks up, 
allowing greater accumulation of human capital and better skills (WEF, 2012). But there is 
little empirical evidence on this relationship in Africa. We will try to challenge this issue in 
the next section by examining the impacts of energy use and electricity provision on primary, 
secondary and higher education. 
 
3. Methodology 
Methodologically, our paper contributes to the literature with a bootstrap panel analysis of 
causality relationships between energy use or electricity consumption and education for a 
sample of 16 African countries: Algeria, Benin, Cameroon, Democratic Republic of Congo, 
Egypt, Ethiopia, Ghana, Kenya, Morocco, Mozambique, Nigeria, Senegal, South Africa, 
Tanzania, Tunisia and Zambia. Data are annual over the period 1971-2010 and sourced for 
World Development Indicators. We first estimate a panel Vector AutoRegressive (VAR) 
model and then implement the panel-data approach of Kónya (2006), based on Seemingly 
Unrelated Regressions (SUR) system and Wald tests with country specific bootstrap critical 
values. In the specific framework we use, we allow for cross-country correlation, without the 
need of pretesting for unit roots and cointegration (as in Phillips, 1995).   
We propose to apply a bivariate finite-order vector autoregressive (VAR) model to 
energy use or electricity consumption (E) and education (EDUCATION): 4 
4 We are grateful to L. Kónya for providing his TSP codes, which we have adapted for our analysis. 
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 , where i  and t denote respectively the country, and the period, 
whereas j indicate the lag, and p1i, p2i and p3i, represents the maximum lags in equations (1a) 
and (1b). 1, ,i tε  and 2, ,i tε , are assumed to be white-noises and can be correlated with each other 
for a specific country, but not across countries. 
Then, the above VAR is estimated using Zellner’s Seemingly Unrelated Regressions 
(SUR), because potential interactions may affect individual regressions through 
contemporaneous correlation5 within equations (1a) and (1b). Finally, Granger causality is 
investigated with Wald tests with critical values generated for each country by simulation and 
bootstrapping techniques.  
In equations (1a) and (1b) of the VAR,  in country i there is one-way Granger-causality 
from EDUCATION to E if in the first equation not all 1,iγ are zero but in the second all 2,iβ are 
zero; there is one-way Granger-causality from E to EDUCATION if in the first equation all 
1,iγ are zero but in the second not all 2,iβ are zero; there is two-way Granger-causality between 
E to EDUCATION if neither all 2,iβ nor all 1,iγ are zero; and there is no Granger-causality 
between E to EDUCATION if all 2,iβ and 1,iγ are zero.
6  
 This procedure has at least three advantages. Firstly, it does not assume that the panel 
of countries is homogenous, so it is possible to test for Granger-causality on each individual 
country separately. Secondly, this panel methodology which is an extension of the approach 
proposed by Phillips (1995) for testing for Granger non-causality on time series data in VAR 
models expressed in levels, does not also necessitate the use of pre-tests for a unit root or 
cointegration. However, it still necessitate determining the model's optimal lag length which 
can easily be done using the Akaike (AIC) or Schwarz Information Criterion (SIC). This is a 
very nice property since it is now well known that unit-root and cointegration tests have low 
5 Since there exists very strong economic links between countries of Africa, this  assumption seems to be very 
relevant here. 
6 It has been pointed out by Kónya (2006) that this definition was associated to one-period-ahead Granger 
causality. 
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power in finite samples, and different tests may lead to opposite conclusion. Thirdly, this 
panel Granger causality approach enables the applied economist to know for how many 
countries and for which countries of the panel there exists one-way, two-way, or no Granger-
causality. 
           
4. Results 
The implementation of the AIC and SIC criteria in a model initially incorporating a maximum 
lag length of 3 leads to the selection of a VAR(1) model in accordance with data properties. 
Besides, misspecification tests report in this case no deviation from usual underlying 
assumptions. We then use the Breusch-Pagan Lagrange multiplier statistic (1980) to test for 
the diagonal error variance-covariance matrix. We report that within the different systems 
considered, the no contemporaneous correlation null hypothesis is always rejected at the five 
percent level of significance. This which provides clear evidence in favour of the use of SUR 
estimators which lead to more efficient parameter estimates than Ordinary Least Squares. 
We start by discussing the results for Energy use in general, then, we move to a specific 
discussion for electricity. Our main empirical findings are summarized in Tables 1.a to 6.b in 
Appendix. 
4.1. Causality analysis between Energy Use and Education 
Our results show four cases of interest that need to be discussed. 
(a) Energy use causes Education 
Our results show that energy use Granger causes education in eight out of 16 studied 
countries. Unidirectional Granger causality from energy use to primary education for is found 
in the case of Cameroon. Positive unidirectional Granger causality from energy use to 
secondary education in DRC, Ghana, Senegal and Tanzania is found. In contrast, negative 
unidirectional Granger causality from energy use to secondary education in Cameroon and 
Ethiopia is found. There is positive unidirectional Granger causality from energy use to 
tertiary education in DRC, Benin and Ethiopia. Negative unidirectional Granger causality 
from energy use to tertiary education in Zambia is found. 
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Granger causality in primary education is found only in two Fragile States7 (Cameroon and 
Ethiopia), while low income’s countries like Ghana, Senegal and Tanzania exhibits this 
causality for secondary education. 
Our results show that energy use has an impact on enrolment in Africa. But this effect varies 
among countries and according to the level of education. While we expected to get a more 
important effect on primary education, we found that only Cameroon meets these 
expectations. We suggest to possible explanations for this finding. First, some of the studied 
countries have already reached universal primary education and enrolment in primary 
education is closer to 100% and so the effect of energy on primary education is marginal. 
Second, for other countries in our sample energy use dynamics is not strong enough to impact 
primary education enrolment. As for secondary and tertiary education, we think that an 
increase in energy use may lead to an increase in economic activity and students may be 
attracted by working in the productive sector instead of increasing their skills in the education 
system. This is found in the case of Zambia for higher education and in Cameroon and 
Ethiopia for secondary education. 
(b) Education causes energy use 
There is evidence of a unidirectional Granger causality from primary education to 
energy use for Benin, Democratic Republic of Congo, Kenya, Mozambique, and Tanzania. It 
can be also noticed a unidirectional Granger causality from secondary education enrolment to 
energy use for Algeria, Kenya, Mozambique, and Zambia. A unidirectional Granger causality 
from higher education enrollment to energy consumption for Algeria, Cameroon, Egypt, 
Kenya, Mozambique, and Tanzania is also found. 
Since education and enrolment are positively associated with GDP per capita, 
increasing enrolment in education often leads to increasing GDP per capita implying an 
increase in the consumption and use of energy. Our results confirm this expectation for most 
Sub-Saharan countries of our sample. Recent works has shown the strong links between 
energy use and economic growth in Africa (among others see Esso, 2010; Rault et al. 2012; 
Arouri et al. 2014). Our results show strong evidence that as enrolment and education are 
7 A fragile state is defined as “a region or state that has weak capacity to carry out basic governance functions, 
and lacks the ability to develop mutually constructive relations with society” (OCDE, 2013). The list of Fragile 
States contains Angola, Burundi, Cameroon, Central African Republic, Chad, Comoros, Democratic Republic of 
Congo, Republic of Congo, Côte d’Ivoire, Eritrea, Ethiopia, Guinea, Guinea-Bissau, Kenya, Liberia, Malawi, 
Niger, Nigeria, Rwanda, Sierra Leone, Somalia, South Sudan, Togo, Uganda and Zimbabwe (OECD 2013). 
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strengthened in Africa, an economic transformation will occur implying more energy use in 
the future. 
(c) Bidirectional causality between education and energy use 
Our results show evidence of bidirectional Granger causality for Ethiopia, at the 10% or 
lower level of significance between energy use and primary education. There is also evidence 
of bidirectional Granger causality for Ethiopia, and Tanzania, at the 10% or lower level of 
significance between secondary education enrollment and energy use. Our results also show 
evidence of bidirectional Granger causality for Benin, and Ethiopia, at the 10% or lower level 
of significance between higher education and energy use. 
This finding confirms and strengthens the previous discussion about the mutual 
enforcement aspect of education and energy use. As the economy is transforming, GDP per 
capita increases allowing poor people to educate their children and to ask them to do less 
homework for the households needs. This is particularly true for girls. As the education level 
of the society increases, the economic structure changes and more complex goods and 
services are produced and consumed which requires more and more energy use. This circle is 
expected to be found in most African countries in the next decades. 
(d) No causality between energy use and education 
We find that for four countries there is no causality between energy use and education 
enrolment, whatever the level of significance is. This is the case for Morocco, Nigeria, South 
Africa, and Tunisia. The four countries are considered as middle income countries and are 
among the best performers in matter of education in the continent. Their education enrollment 
rates are certainly depending on other variables.  
For the most advanced African countries (in terms of GDP per capita), we found that there is 
no causality. However, this does not exclude the existence of nonlinear forms of causal 
relationships. In other terms, the circle between education and energy use may work until 
some threshold. This needs to be further investigated in our future works.  
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4.2. Electricity consumption and Education 
In order to deepen our discussion, we examine more precisely electricity consumption. 
Electricity consumption is one of the components of energy use. It provides more information 
about the evolution of electrification of Africa and its impacts on education.  
 
Four cases need to be discussed:  
 
(a) Unidirectional causality from electricity consumption per capita to education  
Our results show clearly that electricity has an education outcome. We found that this 
relationship is positive and significant in primary education in Ethiopia, Kenya and South 
Africa. The relation is also positive and significant in secondary education for Kenya and 
Senegal. The most important findings concern the tertiary education. The relation is positive 
and significant in Algeria, Ethiopia, Kenya, Nigeria, Senegal, and Tanzania. However, we 
found a negative relationship for secondary education in Zambia.  
 
Our analysis reveals a strong link between education and electricity per capita consumption in 
seven out of the 16 studied African countries. In Kenya this link is found for all the education 
sectors while Senegal and Ethiopia are showing a strong relationship in two sectors. Our 
empirical findings also suggest a strong link between building human capital and energy use. 
As energy use (especially electricity) is expected to increase in the near future, its impacts on 
education in Africa are expected to be important. Sustainable Energy for all (SE4ALL)8 needs 
to be considered as first target in order to increase education outcome in Africa (Banarjee et 
al. 2014). 
The case of Zambia is puzzling. Our findings confirm previous results about energy use. In 
fact as the energy use and electricity consumption are growing, the economic activity is 
expanding in Zambia leading to increase the opportunities for jobs for youth. They prefer 
working instead of schooling.  
 
(b) Unidirectional causality from education to Electricity per capita consumption  
The second causality is also working. As Africa is investing in education, the electricity 
per capita consumption increases. A positive causality from education to electricity 
8 See the Energy Policy special issue 2012. 
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consumption is found in Cameroon and DRC for primary education. A positive relationship is 
also found from education to electricity consumption in Algeria, Cameroon and Mozambique. 
The relationship is strengthened in Algeria, Cameroon, Tunisia, Mozambique and Senegal for 
higher education. As the level of education increases the economy is able to produce more 
complex goods allowing an increase in the GDP and an increase in the per capita consumption 
of electricity. Our results show also a negative relationship between electricity consumption 
and education in Zambia. 
Several explanations may be advanced. Kenya and Ethiopia are fast growing economies in 
Africa. Education is a proxy of human capital. As education increases the economy produces 
more goods and services implying increasing revenues and since then increasing levels of 
electricity consumption. South Africa is a special case.  
In Kenya, Senegal and Nigeria the causality is positive. As the electricity consumption per 
capita increases the enrollment in secondary education increases. Behind this dynamics 
electricity per capita is correlated to revenue. The more families increase their revenues the 
more they send their children to secondary schools. At the same time, the availability of 
electricity can reduce child labor and homework especially for girls allowing them to be more 
enrolled. 
One puzzling result is the one found for Zambia. As electricity per capita increases, the 
enrollment in secondary education decreases. Increased per capita electricity consumption is 
increased mainly due to an increase to productive sector electricity use. In turn the productive 
sector requires more workforces without qualifications and this leads to less enrollment in the 
secondary education. 
The Zambian case needs further investigations. An increase in higher education and 
secondary education enrollment decreases the electricity consumption per capita. This is 
puzzling and may be due to an expansion in education without taking into account the needs 
of the economy in the labor market. 
A demographic effect is probably playing a significant role in this case. The high level of 
increase of the population in the last two decades leaded to a massive enrollment in secondary 
and tertiary education levels and in the same time to the fall of the electricity consumption per 
capita due to the low increase of electricity production.  
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(c) Bidirectional Causality between Education and electricity consumption per 
capita 
The results of the causality tests between electric consumption and primary education 
show no bidirectional Granger causality for, at the 10% or lower level of significance. No 
bidirectional Granger causality between secondary education and electricity per capita, at the 
10% or lower level of significance is found. However, our results show that the causality tests 
between electric consumption and tertiary education show bidirectional Granger causality for 
Algeria, and Senegal, at the 10% or lower level of significance.  
Bidirectional causality implies that a virtual circle exists between electricity consumption 
and education. Since the enrolment in higher education increases, the economy may absorb 
more skilled persons and make its transformation for more added-value production of goods 
and services. Since then, the GDP increases, and the salaries increase also. GDP per capita 
increases allow people to consume more electricity. This additional consumption of electricity 
benefits schools and students and increase enrolment in secondary education allowing more 
people in higher education. The phenomenon is observed nowadays in Algeria and Senegal 
and may be generalized to all parts of Africa in the next decades. The enrolment in higher 
education is expected to increase significantly in the near future in Africa. 
(d) No causality between Education and electricity consumption per capita 
We find that for four countries there is no causality between energy use and education 
enrolment, whatever the level of significance is. This is the case for Benin, Egypt, Ghana, and 
Morocco. Indeed, the four countries are heterogeneous, geographically distant and there is no 
particular feature to be considered. Their education enrollment rates are certainly depending 
on other variables. However, we need to mention that for those countries we found that the 
energy use matters for education at least in one level of education. 
  
14 
 
5. Policy implication and concluding remarks 
The aim of this paper was to study the causality between from the one hand (i) energy 
use and education and from the other hand (ii) between electricity consumption and education 
in Africa. Our results show clear link between energy and education outcomes as our 
conceptual framework suggests. Issues such as universal access to education often cannot be 
adequately addressed because schools and the community lack access to electricity or energy. 
As with health practitioners, lack of electricity is a disincentive for teachers to live in such 
areas. Children’s education is also impaired by inadequate illumination in poor households 
that rely on candles or kerosene lamps. Following our results four distinctive policies 
recommendations are made.  
First, Electricity-access strategies should target public facilities such as schools, which 
benefit the whole population in an area, so that they can provide essential services needed to 
improve life quality and generate income. Investment programs in education sectors are often 
not aligned with those for provision of electricity service so that these facilities are not 
properly equipped with energy services. Our results show that energy use and electricity 
consumption have an impact on education as expected. Based on these results, and as Africa 
is fast growing its energy consumption and use is expected to increase hugely in the next 
decades, we can expect an important impact on education enrollment. The continent has to 
invest in energy to achieve its goal of education for all and improve its situation as regard 
secondary and tertiary education. Increasing availability of energy and electricity imply 
extending schools hours, night homework, access to Internet and to virtual learning objects 
and less homework for children especially girls. The last mile policy consisting in electricity 
provision of schools in all new projects seems an appropriate policy in order to accelerate 
these benefits to the Continent, especially in Sub-Saharan Africa. 
Second, more energy is required in rural areas to enhance education. Indeed, there are 
big differences between urbanized areas and rural areas in matter of energy use and electricity 
consumption. These differences impact education outcomes. The regional differences in 
matter of education outcomes increase the rural to urban migration. Extending the electricity 
provision needs first to look at rural Africa in order to balance inequalities. Africa is 
increasing its urbanization and 60% of the Africans will be urban dwellers. This urbanization 
process is not as beneficial as in the other parts of the world, due too anarchic expansion of 
the towns without planning and appropriate policy especially in matter of provision of basic 
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facilities. As a consequence, provision of electricity and energy in rural Africa, can help to 
maintain the rural dwellers in rural areas and better manage the urbanization process. 
Provision of rural schools with electricity first, can be a good incentive for rural to stay. 
Third, investing in education improves the energy situation in Africa. Indeed, our 
findings show that there is increasing evidence of the reversal causality. As Africa is investing 
in Education, educated people have more needs in matter of energy. Educated people have 
more requirements about their living standard especially for transport, education, health and 
leisure. Africa is facing two separate effects: from the one hand, a quantitative effect with an 
important rate of birth, the continent is becoming the most populated continent in the next 
century passing from 1 billion to 2.3 billion inhabitants in 2050. From the other hand, Africa 
is experiencing a qualitative effect (changing the living style). Educated people have 
increasing needs in matter of energy. Working together, these effects can impact positively 
education since their living standards are changing thanks to education.  
Finally, Africa should invest more in renewable energies. Technological evolutions 
allow developing nowadays’ renewable energies out of the grid. These technologies suit very 
well Africa, especially rural areas. Targeting schools in provision of electricity with 
renewable energies can enhance the sustainability of African economy and spread the 
sustainable development model in schools. Africa availability in matter of renewable energies 
such solar, wind, geothermal and biomass are very important and there is a need to link the 
development of these technologies with basic facilities like schools.  
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Appendix 
 
Table 1a – Granger causality tests from Education to Energy Use over the period 1971-2010, bivariate 
(ENERGY USE, EDUCATION1) model9 
 Estimated 
Coefficient 
Test Statistic Bootstrap critical values 
     1%  5% 10% 
Algeria 2.0697  2.6495* 4.4621 3.5561 2.5538 
Benin 0.2601  1.1019 2.6303 2.1670 1.7117 
Cameroon -0.1687  -1.0805 2.8323 2.2196 1.7960 
Democratic Republic of Congo 0.2319  1.2281 4.5828 3.6944 2.9742 
Egypt 0.9696  2.1037 6.9743 5.8223 4.8133 
Ethiopia 0.8071  2.5932* 4.5960 3.5057 2.3189 
Ghana -0.1061  -.29313 2.3922 1.8968 1.5036 
Kenya 0.2227  2.4377* 3.2227 2.5256 2.0373 
Morocco 0.1178  .35384 7.0465 5.7252 4.7515 
Mozambique 0.5460  2.0520* 2.8425 2.2666 1.7946 
Nigeria 0.0151  .04710 4.4953 3.6912 2.9652 
Senegal 0.0938  .41818 2.9199 2.3713 1.9145 
South Africa 1.3103  1.0042 2.5015 2.0234 1.6175 
Tanzania 4.9015  6.2278*** 3.5474 2.8869 2.3113 
Tunisia 0.6934  1.2293 5.8708 4.7124 3.8438 
Zambia -10.7245  -4.6473* 6.1213 5.0675 4.1180 
***. **. *: significance at the 1%. 5% and 10% levels, respectively. 
H0: EDUCATION1 does not cause ENERGY USE. 
Table 1b – Granger causality tests from Energy Use to Education over the period 1971-2010, bivariate 
(ENERGY USE, EDUCATION1) model 
 Estimated 
Coefficient 
Test Statistic Bootstrap critical values 
     1%  5% 10% 
Algeria 0.0115  2.1702 5.7508 4.6538 3.6735 
Benin -0.0104  -1.0013 3.5644 2.8095 2.2125 
Cameroon -0.0535  -3.9423*** 3.9316 3.2179 2.6142 
Democratic Republic of Congo 0.0333  2.6201** 3.1008 2.4371 1.9587 
Egypt -0.0064  -1.1784 3.4595 2.7897 2.2702 
Ethiopia -0.0247  -3.0264** 3.7896 2.9474 2.3844 
Ghana 0.0332  4.1372*** 3.4502 2.7362 2.2110 
Kenya -0.0113  -.53202 3.7021 2.9379 2.4102 
Morocco 0.0124  2.7193 7.7527 6.3407 5.3160 
Mozambique 0.0006  .35164 3.6295 2.9240 2.3445 
Nigeria 0.0256  2.2660 6.3956 5.3357 4.4075 
Senegal 0.0157  2.6792* 3.8147 3.1015 2.4779 
South Africa 0.0014  .99924 4.1493 3.3341 2.6701 
Tanzania 0.0342  2.6140*** 0.7481 0.6218 0.5212 
Tunisia 0.0195  3.9608 11.9014 10.2717 8.9904 
Zambia -0.0011  -.64008 6.5473 5.5510 4.6094 
***. **. *: significance at the 1%. 5% and 10% levels, respectively. 
H0: ENERGY USE does not cause EDUCATION1. 
9  EDUCATION1 denotes the primary education enrolment level.  
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Table 2a – Granger causality tests from Education to Energy Use over the period 1971-2010, bivariate 
(ENERGY USE, EDUCATION2) model10 
 Estimated 
Coefficient 
Test Statistic Bootstrap critical values 
     1%  5% 10% 
Algeria 2.7872  1.8888* 2.6512 2.1351 1.7187 
Benin 2.0429  2.0121*** 2.2809 1.8201 1.4832 
Cameroon -1.4539  -2.3273*** 2.0587 1.6398 1.3072 
Democratic Republic of Congo 0.0536  .05686 3.5276 2.7706 2.1710 
Egypt 1.6226  2.5722* 3.8100 3.1093 2.5110 
Ethiopia 6.1473  2.5989** 2.9227 2.2552 1.7520 
Ghana 0.5002  .44875 2.2514 1.7257 1.3617 
Kenya 2.6419  2.3596* 2.9768 2.3955 1.9556 
Morocco -0.2737  -.35239 5.9800 4.8322 3.9621 
Mozambique 3.3635  2.4950** 2.7381 2.2145 1.8018 
Nigeria -0.3795  -.51107 2.5690 2.0899 1.6953 
Senegal 0.5292  .77112 2.8316 2.2621 1.8416 
South Africa -0.2763  -.08596 2.8293 2.2702 1.8255 
Tanzania 9.9616  5.2024*** 2.4602 1.9932 1.5901 
Tunisia 0.4882  .52454 3.5761 2.8211 2.2644 
Zambia -7.0433  -.55129 5.2612 4.1761 3.5008 
***. **. *: significance at the 1%. 5% and 10% levels, respectively. 
H0: EDUCATION2 does not cause ENERGY USE. 
Table 2b – Granger causality tests from Energy Use to Education over the period 1971-2010, bivariate 
(ENERGY USE, EDUCATION2) model 
 Estimated 
Coefficient 
Test Statistic Bootstrap critical values 
     1%  5% 10% 
Algeria 0.0004  .924407 4.7065 3.7499 3.0355 
Benin 0.0077  3.15868** 3.9993 3.1444 2.5314 
Cameroon -0.0045  -1.77149 3.6877 2.8919 2.3658 
Democratic Republic of Congo 0.0150  4.32033** 4.7818 3.8804 3.1253 
Egypt 0.0053  1.92259 5.9614 4.7760 3.7206 
Ethiopia 0.0082  9.35741*** 4.3021 3.4653 2.7696 
Ghana 0.0092  2.35269 4.8553 3.9257 3.2727 
Kenya 0.0041  1.36508 3.9970 3.2402 2.6427 
Morocco 0.0026  1.11339 3.9200 3.1397 2.5465 
Mozambique -0.0002  -.377730 4.0556 3.2159 2.6979 
Nigeria 0.0063  2.88914 7.2754 5.9108 4.9129 
Senegal -0.0006  -.358799 4.6455 3.8135 3.0600 
South Africa 0.0013  1.98684 4.3879 3.3816 2.6685 
Tanzania 0.0012  .304028 2.5410 2.0657 1.6937 
Tunisia 0.0048  3.78156 8.7203 7.3524 6.2466 
Zambia -0.0020  -3.13010*** 2.7422 2.1501 1.7229 
***. **. *: significance at the 1%. 5% and 10% levels, respectively. 
H0: ENERGY USE does not cause EDUCATION2. 
 
 
  
10  EDUCATION2 denotes  the secondary education enrolment level. 
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Table 3a – Granger causality tests from Education to Energy Use over the period 1971-2010, bivariate 
(ENERGY USE, EDUCATION3) model11 
 Estimated 
coefficient 
Test Statistic Bootstrap critical values 
     1%  5% 10% 
Algeria 8.9889  3.8957 7.4535 6.1461 5.1269 
Benin 0.3441  2.3298** 2.6044 2.0112 1.6533 
Cameroon 0.0979  .55621 2.9683 2.3998 1.9038 
Democratic Republic of Congo -0.2714  -3.5097*** 3.4982 2.8533 2.3139 
Egypt 0.9073  2.3885 4.1841 3.3471 2.7427 
Ethiopia 0.7055  4.3229*** 3.0076 2.2887 1.8140 
Ghana 0.1651  .34336 2.3356 1.8547 1.4639 
Kenya 0.4781  3.5939*** 2.8055 2.2205 1.8074 
Morocco -0.1915  -.69559 7.2248 5.9769 4.9760 
Mozambique 0.2215  2.8923*** 2.7449 2.1961 1.7944 
Nigeria 0.3288  .40985 2.7153 2.2237 1.7704 
Senegal 0.0372  .41581 2.8277 2.2698 1.8293 
South Africa 3.7226  .54487 3.1370 2.5265 2.0979 
Tanzania 0.1836  3.3849*** 2.8960 2.3034 1.8174 
Tunisia 0.3444  .42042 5.9547 4.8956 4.0138 
Zambia -0.0633  -.14347 3.3394 2.7169 2.1878 
***. **. *: significance at the 1%. 5% and 10% levels, respectively. 
H0: EDUCATION3does not cause ENERGY USE. 
 
Table 3b – Granger causality tests from Energy Use to Education over the period 1971-2010, bivariate 
(ENERGY USE, EDUCATION3) model 
 
 Estimated 
coefficient 
Test Statistic Bootstrap critical values 
     1%  5% 10% 
Algeria 0.0018  1.1707 3.7256 2.9732 2.4182 
Benin -0.0297  -1.4630 3.5973 2.8560 2.3251 
Cameroon -0.0605  -2.6530* 3.2044 2.5533 2.0665 
Democratic Republic of Congo 0.0323  .6443 4.2013 3.3794 2.8001 
Egypt 0.0130  3.1703 5.9842 4.8120 3.8893 
Ethiopia -0.0726  -4.8714*** 4.0833 3.1707 2.5016 
Ghana 0.0169  1.5522 3.4621 2.7358 2.2096 
Kenya 0.0143  .41122 4.1786 3.3533 2.7212 
Morocco 0.0195  2.5687 4.1563 3.3302 2.6663 
Mozambique -0.0042  -.68177 5.5400 4.4874 3.7211 
Nigeria 0.0032  .67945 3.3625 2.6768 2.1375 
Senegal -0.0119  -1.3115 3.6735 2.9209 2.3153 
South Africa -0.0001  -.13340 2.9083 2.3339 1.9136 
Tanzania -0.0002  -.01174 3.8959 3.1573 2.5548 
Tunisia 0.0022  1.2663 7.5471 6.2518 5.3004 
Zambia 0.0005  .08443 4.0273 3.2896 2.6652 
***. **. *: significance at the 1%. 5% and 10% levels, respectively. 
H0: ENERGY USE does not cause EDUCATION3. 
 
 
11  EDUCATION3 denotes  the tertiary education enrolment level. 
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Table 4a – Granger causality tests from Primary Education to Electricity Consumption over the period 
1971-2010, bivariate (ELECTRICITY CONSUMPTION, PRIMARY EDUCATION) model 
 
 Estimated 
coefficient 
Test Statistic Bootstrap critical values 
     1%  5% 10% 
Algeria 1.2231  .51216 10.2240 8.8358 7.4743 
Benin 0.1759  2.5412 7.5878 6.2294 5.1436 
Cameroon 0.0146  .03278 4.3664 3.4192 2.7040 
Democratic Republic of Congo 0.0432  .33807 5.2312 4.2457 3.4150 
Egypt 0.7384  1.9914 4.7304 3.8345 3.1420 
Ethiopia 0.0628  2.2900* 2.8989 2.3261 1.8893 
Ghana 0.1474  .07970 2.7449 2.1848 1.7271 
Kenya 0.2907  3.1101*** 2.4076 1.9655 1.5919 
Morocco 0.7584  2.3942 6.5315 5.3296 4.3737 
Mozambique 0.2716  .43508 5.6996 4.3345 3.3355 
Nigeria 1.1272  1.4971 3.7421 2.9578 2.3627 
Senegal 0.9886  5.4137 10.1239 8.5532 7.3659 
South Africa 2.2735  2.7309** 2.8668 2.3250 1.8702 
Tanzania 0.0045  .11107 3.6361 2.9026 2.3342 
Tunisia -0.2823  -.36807 5.3438 4.2977 3.5135 
Zambia -1.1271  -1.3171 3.6052 2.9154 2.3017 
***. **. *: significance at the 1%. 5% and 10% levels, respectively. 
H0: PRIMARY EDUCATION does not cause ELECTRICITY CONSUMPTION. 
Table 4b – Granger causality tests from Electricity Consumption to Primary Education over the period 
1971-2010, bivariate (ELECTRICITY CONSUMPTION, PRIMARY EDUCATION) model 
 Estimated 
coefficient 
Test Statistic Bootstrap critical values 
     1%  5% 10% 
Algeria 0.0003  .17313 2.8820 2.3255 1.8325 
Benin 0.0597  1.2674 9.4907 7.9081 6.6245 
Cameroon 0.0696  5.5149*** 3.6165 2.9350 2.3263 
Democratic Republic of Congo 0.1446  4.0891** 4.9154 4.0349 3.3180 
Egypt 0.0087  3.5137 7.8180 6.3039 5.0614 
Ethiopia 0.3005  2.9487 7.6908 6.0492 4.9145 
Ghana -0.0049  -1.2901 4.2421 3.3339 2.6573 
Kenya 0.0177  .69237 7.0072 5.6154 4.5949 
Morocco 0.0034  .92042 4.3100 3.5019 2.8943 
Mozambique 0.0167  2.6384 6.1739 4.9234 4.1009 
Nigeria -0.0032  -.47767 2.0509 1.6863 1.3886 
Senegal 0.0195  1.2331 4.6388 3.6614 2.9397 
South Africa -0.0001  -.65462 2.9877 2.4174 1.9749 
Tanzania 0.0646  1.1493 7.7758 6.4997 5.4545 
Tunisia 0.0007  .76708 8.8668 7.3303 6.2385 
Zambia 0.0013  .56628 4.2345 3.3709 2.7320 
***. **. *: significance at the 1%. 5% and 10% levels, respectively. 
H0: ELECTRICITY CONSUMPTION does not cause PRIMARY EDUCATION. 
 
 
 
23 
 
Table 5a – Granger causality tests from Secondary Education to Electricity Consumption over the 
period 1971-2010, bivariate (ELECTRICITY CONSUMPTION, SECONDARY EDUCATION) 
model 
 
 Estimated 
coefficient 
Test Statistic Bootstrap critical values 
     1%  5% 10% 
Algeria 1.9991  2.3928 8.7917 7.5325 6.4044 
Benin 0.4717  3.7225 7.5518 6.2786 5.3170 
Cameroon 0.1347  .38189 6.8185 5.6722 4.6325 
Democratic Republic of Congo -0.4938  -1.6468 4.9089 3.9077 3.1262 
Egypt 0.0806  .21219 4.6043 3.7381 3.0098 
Ethiopia 0.0761  1.2582 3.3562 2.7667 2.2421 
Ghana -0.7352  -.56700 2.8569 2.2606 1.8100 
Kenya 0.6730  4.2510*** 2.6829 2.1042 1.7439 
Morocco -0.3305  -.66414 6.5956 5.3237 4.4190 
Mozambique -2.8857  -1.7165 5.3496 4.0362 3.0739 
Nigeria 1.0560  3.3771* 4.7323 3.7885 3.0284 
Senegal 3.2187  6.5169*** 5.9167 4.7128 3.8624 
South Africa -1.9610  -.85907 2.9431 2.4362 1.9571 
Tanzania 2.8748  2.9584 6.8998 5.6155 4.5432 
Tunisia 0.6751  1.0465 9.4165 7.8975 6.7522 
Zambia -19.5350  -4.6631* 6.5010 5.3623 4.4493 
***. **. *: significance at the 1%. 5% and 10% levels, respectively. 
H0: SECONDARY EDUCATION does not cause ELECTRICITY CONSUMPTION. 
 
Table 5b – Granger causality tests from Electric Electricity Consumption to Secondary Education over 
the period 1971-2010, bivariate (ELECTRICITY CONSUMPTION, SECONDARY EDUCATION) 
model 
 Estimated 
coefficient 
Test Statistic Bootstrap critical values 
     1%  5% 10% 
Algeria 0.0347  4.9642* 9.9184 8.4657 2.2875 
Benin 0.0094  .36129 7.6755 6.2978 5.1356 
Cameroon 0.0432  5.7629*** 4.5603 3.6631 2.9185 
Democratic Republic of Congo -0.0001  -.8672 3.3935 2.6804 2.1030 
Egypt -0.0057  -1.9855 3.6781 2.9641 2.4040 
Ethiopia 0.1500  1.9195 8.9030 7.3449 6.1275 
Ghana -0.0049  -1.6372 3.1939 2.5392 1.9950 
Kenya 0.0656  1.3571 7.1490 5.8148 4.8120 
Morocco 0.0081  3.0705 9.8926 8.4250 7.2772 
Mozambique 0.0076  6.8377*** 4.5173 3.6040 2.8749 
Nigeria 0.0140  .85550 6.5825 5.3797 4.5045 
Senegal 0.0318  2.7567 4.6682 3.8472 3.1388 
South Africa 0.0008  1.3662 5.8961 4.8714 3.9739 
Tanzania 0.1815  2.4149 12.4671 11.0144 9.8007 
Tunisia 0.0131  3.2536 14.1648 12.6872 11.4336 
Zambia -0.0002  -.28421 6.6152 5.4952 4.6629 
***. **. *: significance at the 1%. 5% and 10% levels, respectively. 
H0: ELECTRICITY CONSUMPTION does not cause SECONDARY EDUCATION. 
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Table 6a – Granger causality tests from Tertiary Education to Electricity Consumption over the period 
1971-2010, bivariate (ELECTRICITY CONSUMPTION, TERTIARY EDUCATION) model 
 
 Estimated 
coefficient 
Test Statistic Bootstrap critical values 
     1%  5% 10% 
Algeria 5.2781  3.7914*** 3.4358 2.7672 2.2105 
Benin 0.6928  1.3047 7.6014 6.2908 5.2886 
Cameroon 3.3006  2.4561 5.2109 4.1002 3.3004 
Democratic Republic of Congo -1.4076  -1.2191 3.8656 3.1199 2.5399 
Egypt 0.8694  1.4739 4.2961 3.4333 2.8107 
Ethiopia 2.6332  7.3795*** 3.3119 2.6114 2.1113 
Ghana -1.3999  -.35043 2.9530 2.3746 1.9387 
Kenya 3.9556  5.0887*** 2.8410 2.3090 1.8869 
Morocco -0.0870  -.08787 5.0640 4.0636 3.2137 
Mozambique -7.4608  -.83862 3.0834 2.3281 1.8329 
Nigeria 4.8520  5.6952*** 3.9685 3.2088 2.5131 
Senegal 8.6888  5.1757** 5.2276 4.1451 3.3843 
South Africa 0.6003  .10657 3.5377 2.8082 2.2543 
Tanzania 7.8035  3.0124* 3.9686 3.1865 2.5931 
Tunisia 1.1719  1.2997 7.2590 5.8287 4.7529 
Zambia -27.4018  -1.2479 6.0098 4.8669 4.0878 
***. **. *: significance at the 1%. 5% and 10% levels, respectively. 
H0: TERTIARY EDUCATION does not cause ELECTRICITY CONSUMPTION. 
Table 6b – Granger causality tests from Electric Electricity Consumption to Tertiary Education over 
the period 1971-2010, bivariate (ELECTRICITY CONSUMPTION, TERTIARY EDUCATION) 
model 
 Estimated 
coefficient 
Test Statistic Bootstrap critical values 
     1%  5% 10% 
Algeria 0.0022  3.0094* 5.9812 4.7499 2.7990 
Benin 0.0393  5.6641 12.7436 11.1395 9.8078 
Cameroon 0.0031  2.4544* 4.0068 3.2055 2.1263 
Democratic Republic of Congo -0.0029  -1.1755 7.0347 5.8918 4.9018 
Egypt 0.0029  1.9937 6.1298 4.5662 3.5136 
Ethiopia 0.0000  .23257 3.9480 3.2309 2.6235 
Ghana -0.0010  -.72338 3.7391 2.9534 2.3440 
Kenya 0.0034  1.2845 6.7003 5.6552 4.9119 
Morocco 0.0009  .77141 3.3926 2.7010 2.2430 
Mozambique 0.0015  4.9440* 6.8238 5.1330 4.0659 
Nigeria 0.0121  2.2432 6.8545 5.5057 4.6253 
Senegal 0.0181  5.3215* 6.9900 5.6982 4.6650 
South Africa 0.0005  1.7325 6.9399 5.9327 4.9095 
Tanzania 0.0010  .59121 3.4159 2.7740 2.2859 
Tunisia 0.0030  4.5093* 9.4282 7.9480 3.9181 
Zambia -0.0008  -3.1658*** 2.6182 2.1418 1.7949 
***. **. *: significance at the 1%. 5% and 10% levels, respectively. 
H0: ELECTRICITY CONSUMPTION does not cause TERTIARY EDUCATION. 
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